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(57) ABSTRACT 

A multidetector (40) circuit for use in a plurality of carrier 
recovery systems (10, 70) for recovery for a suppressed 
carrier modulated signal. The multidetector (40) receives 
demodulated, in-phase X and quadrature phase y compo 
nents of a baseband Signal (S(t)) and generates output 
Signals for use in a plurality of carrier recovery Systems (10, 
70). The multidetector (40) generates a lock detection signal 
that varies primarily in accordance with a lock signal xyf 
and a fourth-order amplitude detection signal (x+y) for 
use in either System. The multidetector particularly gener 
ates a phase error signal xy(x-y) for use in a Costas carrier 
recovery System (10). The multidetector also generates a 
second-order amplitude detection signal (x +y') for use in 
either System which can be used to adjust the amplitude of 
the incoming, modulated Signal in order to control the loop 
gain of the carrier recovery phase locked loop. 

15 Claims, 4 Drawing Sheets 
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BASEBAND SIGNAL CARRIER RECOVERY 
OF A SUPPRESSED CARRIER 

MODULATION SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method and apparatus for 
baseband Signal carrier recovery of a Suppressed carrier 
modulation Signal and, more particularly, to a multidetector 
which receives baseband inputs based on the modulated 
Signal and generates outputs for use by multiple carrier 
recovery Systems. 

2. Discussion 

In the operation of communication Systems, a message 
Signal modulates a carrier Signal in order to encode the 
message information into the modulated Signal. The modu 
lated Signal is transmitted to a receiver which demodulates 
the Signal, Separating the message Signal from the carrier 
Signal. Key operations in practical receivers are automatic 
gain control (AGC), carrier phase tracking, Sweep-aided 
carrier acquisition, and lock detection. 
One modulation format that is commonly used in com 

munication Systems is quadrature amplitude modulation 
(QAM). In the QAM format two message signals amplitude 
modulate a pair of quadrature carrier Signals, i.e., two 
Sinusoids having the same frequency and a phase angle 
difference of 90 degrees. Examples of QAM special cases 
are binary phase shift keying (BPSK), quadrature phase shift 
keying (QPSK), 8 phase shift keying (8 PSK), and rectan 
gular 16-state QAM (16QAM). 

The modulation format of the transmitted signal is com 
monly designed to achieve Suppression of the residual 
carrier. This reduces the energy required to transmit the 
message with the same fidelity. Carrier Suppression can be 
achieved by Symmetrically arranging the phase and ampli 
tude relationships of QAM modulation States, and encoding 
the data So that each of the modulation States are Statistically 
equally likely. 

The extended Costas loop and the remodulation loop are 
two commonly used circuits for carrier phase tracking of 
Suppressed carrier modulated Signals. The addition of ampli 
tude detection circuitry for use in AGC and lock detection 
circuitry for use in Sweep-aided carrier acquisition compli 
cates the design of the receiver, especially when these 
circuits are implemented in Such a way that they process the 
modulated carrier directly. 

It is an object of the present invention to provide a method 
of using the demodulated low frequency in-phase and 
quadrature-phase baseband Signals to derive the amplitude 
detection and lock detection signals in addition to the phase 
error Signal. 

It is a further object of the present invention to provide a 
circuit that implements the method of using the demodulated 
baseband Signals to derive the amplitude detection, lock 
detection, and phase error Signals, and combines common 
elements to reduce the complexity of the circuit. 

SUMMARY OF THE INVENTION 

This invention is directed to a circuit for recovering a 
carrier of a Suppressed carrier modulated Signal having a 
high frequency. The circuit includes an in-phase and 
quadrature-phase detector, wherein the detector converts the 
incoming Signal to a baseband Signal having a frequency leSS 
than the modulated Signal. A multidetector receives the 
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baseband signal output by the detector. The multidetector 
operates on the lower frequency baseband Signal and gen 
erates a plurality of output signals. The plurality of output 
Signals determine an error Signal which varies in accordance 
with a phase error between a desired carrier and a received 
carrier Signal. A phase-lock-loop detector receives the error 
Signal and generates a lock signal input to the detector to 
vary the phase of the detector. 

This invention is also directed to a method of recovering 
a carrier of a Suppressed carrier modulated Signal having a 
high frequency. The method includes the Steps of demodu 
lating the modulated Signal into a baseband Signal having 
in-phase and quadrature-phase components, where the 
in-phase and quadrature-phase components have a fre 
quency less than that of the modulated Signal. The method 
also includes the Step of generating a plurality of output 
Signals in accordance with the baseband Signal and gener 
ating an output error Signal in accordance with at least one 
of the plurality of output signals. The output error Signal 
defines a phase error between a desired carrier Signal and a 
received carrier Signal. The method also includes varying the 
output of a phase lock loop in accordance with the error 
Signal and controlling the demodulation of the modulated 
Signal in accordance with the output of the phase lock loop 
in order to lock onto the carrier Signal. 

These and other advantages and features of the present 
invention will become readily apparent from the following 
detailed description, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings, which form an integral part of the 
Specification, are to be read in conjunction there with, and 
like reference numerals are employed to designate identical 
components in the various views: 

FIG. 1 is a block diagram of the baseband Signal carrier 
recovery apparatus arranged in accordance with the prin 
ciples of a first embodiment of the present invention; 

FIG. 2 is a block diagram of the baseband Signal carrier 
recovery System arranged in accordance with the principles 
of the Second embodiment of the present invention; 

FIG. 3 is a block diagram of the multidetector of FIGS. 1 
and 2, and 

FIG. 4 is a graph of Signal waveforms generated by the 
multidetector of FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 depicts a carrier recovery system 10 utilizing an 
extended Costas loop for recovering the carrier Signal. The 
carrier recovery System 10 receives a modulated Signal S(t), 
Such as described above, which is input on an input line 12 
to a variable gain amplifier 14. Variable gain amplifier 14 
receives again control Signal on input line 16. Generation of 
the gain control Signal will be described in greater detail 
herein. Variable gain amplifier 14 outputs a peak amplitude 
normalized signal S(t) which is the input signal S(t) ampli 
fied by variable gain amplifier 14. The normalized signal 
S(t) is input to a demodulator 18. 

Demodulator 18 decomposes signal S(t) into the respec 
tive in-phase and quadrature-phase baseband components. 
Particularly, input signal of S(t) is input to each of a pair of 
mixers 20, 22. Mixer 20 also receives a recovered carrier 
from phase lock loop (PLL) 50 on line 24. Mixer 20 effects 
a multiplication of amplified input signal S(t) and the 
recovered carrier Signal to output the in-phase component I 
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of amplified signal s(t) on in-phase line 26. The in-phase 
component is input to low pass filter 28. The recovered 
carrier signal is also input to a phase shifter 30. Phase shifter 
30 shifts the recovered carrier signal by 90°. The output 
from phase shifter 30 provides a second input to mixer 22. 
Mixer 22 thus effects a multiplication of amplified input 
signal of s(t) and the recovered carrier signal shifted by 90°. 
Mixer 22 outputs a quadrature-phase component Q of the 
amplified input signal S(t) on quadrature-phase line 32. 
Similarly as for the in-phase component, the quadrature 
phase component is input to low pass filter 34. Low pass 
filters 28, 34 output the low frequency portions of the 
respective in-phase and quadrature-phase components I & Q 
of the input signal s(t) to output the in-phase component D 
of the baseband Signal and the quadrature-phase component 
D of the baseband signal. These baseband signals are 
output by low pass filters 28, 34 on the respective in-phase 
baseband line 36 and quadrature-phase baseband line 38 
which are also input to multidetector 40. The in-phase 
component D of the baseband Signal will also be referred to 
as x with respect to input to multidetector 40. Similarly, the 
quadrature-phase component D of the baseband signal will 
be referred to as y for input to the multidetector. 

Multidetector 40 receives the respective input Signals X, y 
and outputs Several Signals for recovering the baseband 
Signal. For example, multidetector 40 outputs an amplitude 
signal on output line 17 and input to the AGC loop filter 15. 
Multidetector 40 also outputs a phase error Signal on output 
line 46 and a lock detection signal on output line 48. AS 
described above, the amplitude Signal is input to AGC loop 
filter 15, which processes the amplitude Signal to generate a 
gain control Signal which is output to variable gain amplifier 
14 on input line 16 in order to vary the gain of amplifier 14. 
The level adjustment of input signal S(t) to yield S(t) insures 
proper operation of the phase lock loop (PLL) circuit which 
generates the recovered carrier Signal on line 24. 

The phase error and lock detect Signals are input to carrier 
PLL circuit 50. The phase error signal is input to a loop filter 
52 which filters the phase error signal and outputs a filtered 
phase error Signal to Summer 54. The lock detect signal is 
input to a Sweep controller 56 by multidetector 40. If the 
lock detect Signal indicates that no lock has been obtained, 
Sweep controller 56 generates a triangular wave output 
signal to Summer 54 to enable carrier PLL circuit 50 to 
Sweep a range of frequencies in order to allow carrier PLL 
circuit 50 to obtain lock. If the lock detect signal indicates 
that lock has been obtained by carrier PLL circuit 50, Sweep 
controller 56 stops Sweeping. The output of Sweep controller 
56 and loop filter 52 is input to Summer 54. Summer 54 
generates an input signal to Voltage controlled oscillator 
(VCO) 60 on input line 58. VCO 60 outputs the PLL signal 
on PLL line 24 in accordance with the output signal from 
Summer 54. 

FIG. 2 depicts a carrier recovery system 70 arranged in 
accordance with the principles of the Second embodiment of 
the present invention. In FIG. 2, like elements from FIG. 1 
will be referred to using Similar reference numerals. 
Accordingly, variable gain amplifier 14, demodulator 18, 
and multidetector 40, operate as described with respect to 
FIG. 1. However, rather than utilizing an extended Costas 
loop, the carrier recovery system 70 of FIG. 2 utilizes a 
remodulation loop for recovering the carrier Signal. 

In addition to the operations as described above with 
respect to FIG. 1, multidetector 40 also generates D, and D, 
estimates of the in-phase and quadrature-phase components 
of the baseband Signal. The respective in-phase D and 
quadrature-phase D, components of the baseband signal are 
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4 
input to remodulator 72. In addition to receiving the respec 
tive in-phase and quadrature-phase components of the base 
band Signal, remodulator 72 also receives the recovered 
carrier signal from PLL line 24. Remodulator 72 effectively 
reconstructs the input signal s(t), and carrier PLL circuit 50 
utilizes the reconstructed signal, referred to as S(t), for 
generating the phase error Signal that is input to the loop 
filter 52. 

Remodulator 72 includes a pair of mixers 74, 76. Mixer 
74 receives the in-phase component D of the baseband 
signal. Mixer 74 also receives the PLL signal from PLL line 
24 phase shifted 90° by phase shifter 78. Mixer 74 thus 
outputs a reconstructed version of the in-phase component 
of S(t). Similarly, mixer 76 receives the quadrature-phase 
component D, of the baseband signal. Mixer 76 also 
receives the PLL signal output on PLL line 24. Mixer 76 thus 
outputs a reconstructed version of the quadrature-phase 
portion of S(t). The in-phase and quadrature-phase compo 
nents output by respective mixers 74, 76 are input to Summer 
80. Summer 80 adds the respective components and outputs 
a reconstructed version S(t) of the modulated input signal 
S(t). 
The reconstructed signal S(t) is input to a mixer 82 of 

carrier PLL circuit 50. Mixer 82 also receives the amplitude 
adjusted modulated signal S(t). Mixer 82 operates as a 
phase detector and outputs a phase error Signal to loop filter 
52. Loop filter 52, Sweep controller 56, Summer 54, and 
VCO 60 of carrier PLL circuit 50 operate as described with 
respect to FIG. 1, utilizing the phase error output by mixer 
82 rather than the phase error output by multidetector 40 of 
FIG. 1. 

FIG. 3 depicts an expanded block diagram of multidetec 
tor 40, and FIG. 4 displays waveform signal levels versus 
phase for Signals generated by multidetector 40. The inputs 
to multidetector 40 are as described with respect to FIGS. 1 
and 2. Namely, input X corresponds to the in-phase compo 
nent of the baseband Signal and input y corresponds to the 
quadrature-phase component of the baseband Signal. Refer 
ring to FIG. 2, remodulator 72 utilizes the in-phase compo 
nent D, and the quadrature-phase component D, of the 
baseband Signal in order to reconstruct the modulated Signal 
S(t). As shown in FIG. 3, the in-phase component X is input 
to a hard limiter 84 which outputs a first value if X is greater 
than a threshold and Second value if X is less than a 
threshold. For example, hard limiter 84 may output a +1 
when X is greater than 0 and a-1 when X is less than 0. 
Similarly, the quadrature-phase component y is limited by 
hard limiter 86 which outputs Signal D in a manner Similar 
to hard limiter 84. Thus, multidetector 40 outputs signals for 
use by a remodulation System for baseband Signal carrier 
recovery. 

Multidetector 40 also generates several other signals for 
utilization for baseband Signal recovery of a Suppressed 
carrier modulation Signal. In particular, multidetector 40 
generates an amplitude detection signal and a lock detection 
Signal which are utilized by the respective variable gain 
amplifier 14 and carrier PLL circuit 50 of both FIGS. 1 and 
2. Multidetector 40 also generates a phase error Signal which 
is utilized by carrier PLL circuit 50 in the system of FIG. 1. 

FIG. 4 depicts exemplary waveforms for each of the 
Signals output by multidetector 40. In particular, waveform 
88 corresponds to input signal X, and waveform 90 corre 
sponds to input Signal y. Additional signals of waveforms 
shown in FIG. 4 will be referred to as their construction is 
described with respect to FIG. 3. In particular, the in-phase 
input Signal X is split, and each of the Split Signal is input to 
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mixer 92 to output the signal x . Similarly, the quadrature 
phase signal input y is split, and each Split Signals input to 
mixer 94 to generate the signal y. In FIG. 4, waveform 96 
represents the x signal and waveform 98 represents the y 
signal. The respective x and yt signals are input to Sub 
tractor 100 which outputs an x-y signal, which is repre 
sented in FIG. 4 as waveform 102. The X and y signals are 
also input to mixer 104 which generates the output signal Xy, 
represented in FIG. 4 as waveform 106. The output from 
mixer 104 is input to mixer 108. The (x -y) signal is also 
input to mixer 108 to output a signal xy(x-y), represented 
as waveform 110 in FIG. 4. Waveform 110 represents the 
phase error output by multidetector 40, which is used by 
carrier PLL circuit 50 of FIG. 1. 
The signals x and y are also each input to mixer 112, and 

the output from mixer 112 represents a signal xy’, repre 
sented in FIG. 4 as waveform 114. The xy signalis referred 
to as the lock Signal, as PLL lock primarily depends upon 
this signal. The signal xy' is input to amplifier 116 which 
has a gain k which is slightly greater than four. The value of 
k determines the phase range for which the lock detection 
signal indicates lock. The choice of the value of k will be 
discussed later. The output from amplifier 116 is a signal 
kxy. This signal is input to subtractor 118 along with the 
signal (x+y). Subtractor 118 generates the lock detect 
signal as will be described further herein. 
The amplitude detection signal is formed by adding the x 

signal and y signal by applying both signals to adder 120 
which outputs the signal x+y, which is represented in FIG. 
4 as waveform 122. This output represents the amplitude 
detection signal. The output Signal from adder 120 is split, 
and each Split Signal is input to mixer 124 which outputs a 
signal (x+y'), which is referred to as the amplitude refer 
ence Signal. This signal is represented in FIG. 4 as waveform 
126. It will be noted by one skilled in the art that because 
signals X and y vary between 1 and -1, x+y is equal to 
(x+y). The output from mixer 124 provides a second 
input to subtractor 118, and subtractor 118 outputs a signal 
kxy’-(x+y). When the value of k is slightly greater than 
4, there is a Small phase range about the ideal lock points for 
which the lock detection signal is greater than Zero. At other 
phases the lock detection Signal is less than or equal to Zero. 
Thus the sign of the lock detection signal on line 48 is used 
by the Sweep controller 56 to turn the Sweeping of the VCO 
on and off. This value is output as the lock detect Signal 
which is input to Sweep controller 56 of carrier PLL circuit 
50 in each of FIGS. 1 and 2. The lock detect signal primarily 
depends on xy. The value xy' may be processed as occurs 
at amplifier 116 and Summer 118, but need not necessarily 
be processed as described herein. 

With particular reference to FIG. 4, waveform 110 rep 
resents the phase error output signal xy(x-yf) and wave 
form 114 represents the lock signal xy'. When waveform 
110 crosses the horizontal axis, carrier PLL circuit 50 has 
either obtained lock or is farthest away from a lock condi 
tion. Carrier PLL circuit 50 is locked when waveform 114 is 
at a maximum. Conversely, carrier PLL circuit 50 is furthest 
from a locked condition when waveform 110 crosses the 
horizontal axis and when waveform 114 is at a minimum 
value. Thus, as can be seen from FIG. 4, carrier PLL circuit 
50 is in lock during negative going crossings of the hori 
Zontal axis by waveform 110 as shown at data points 128. 
Or, stated differently, carrier PLL circuit 50 is locked when 
waveform 114 is at a maximum, as shown at data points 130. 

From the foregoing, it can be seen that the multidetector 
40 of the present invention provides output signals for 
utilization by either a Costas format or remodulation format 
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6 
baseband carrier recovery of a Suppressed carrier modulated 
Signal System. Thus, the multidetector 40 enables great 
flexibility in designing Systems and provides output for use 
by either format while economizing on circuitry to generate 
the output signals for either baseband Signal carrier recovery 
System. 
While specific embodiments have been shown and 

described in detail to illustrate the principles of the present 
invention, it will be understood that the invention may be 
embodied otherwise without departing from Such principles. 
For example, one skilled in the art will readily recognize 
from Such discussion and from the accompanying drawings 
and claims that various changes, modifications and varia 
tions can be made therein without departing from the Spirit 
and Scope of the invention as described in the following 
claims. 
What is claimed: 
1. An apparatus for recovering a carrier of an incoming 

Suppressed carrier modulated Signal having a high frequency 
comprising: 

an in-phase and quadrature-phase detector, the detector 
converting the incoming modulated Signal to a base 
band Signal having a frequency less than the incoming 
modulated Signal; 

a multidetector for receiving the baseband Signal output 
by the detector, the multidetector operating on the 
lower frequency baseband Signal and generating a 
plurality of output Signals, where a first Set of the 
plurality of output Signals providing a Costas demodul 
lation application, including a phase error Signal which 
Varies in accordance with a phase error between a 
desired carrier and a received carrier Signal, and a 
Second set of the plurality of output signals providing 
a remodulation demodulation application and; 

a phase-lock-loop detector receiving the phase error Sig 
nal and generating a lock signal input to the in-phase 
and quadrature-phase detector to vary a phase of the 
in-phase and quadrature-phase detector. 

2. The apparatus of claim 1 wherein Said Second Set of the 
plurality of output signals comprises an in-phase signal and 
a quadrature-phase Signal. 

3. The apparatus of claim 1 further comprising a 
remodulator, the remodulator receiving Said Second Set of 
the plurality of output Signals and generating a reconstructed 
Signal. 

4. The apparatus of claim 1 wherein the in-phase and 
quadrature-phase detector further comprises a first low pass 
filter for filtering an in-phase portion of a demodulated 
Signal and a Second low pass filter for filtering a quadrature 
phase portion of the demodulated Signal. 

5. The apparatus of claim 1 wherein an in-phase Signal, 
and an quadrature-phase Signal are used in the remodulation 
demodulation application. 

6. The apparatus of claim 5 wherein the in-phase Signal is 
hard limited and the quadrature-phase Signal is hard limited. 

7. The apparatus of claim 5 wherein the multidetector 
generates a lock detect Signal, and the respective signals are 
defined as follows: 

an in-phase component of the baseband Signal X, 
a quadrature component of the baseband Signal y; 
the phase error signal xy(x-y); and 
wherein the lock detect Signal varies in accordance with 

a signal defined as xyf. 
8. The apparatus of claim 7 wherein the multidetector 

further generates an amplitude detection signal defined as 
x+y. 
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9. The apparatus of claim 8 wherein the amplitude detec 
tion signal is input to an amplifier to adjust a level of the 
incoming modulated Signal. 

10. The apparatus of claim 8 wherein the second set of the 
plurality of output Signals includes the in-phase signal and 
the quadrature-phase signal, Such that the in-phase signal is 
hard limited and the quadrature-phase Signal is hard limited. 

11. A method of recovering a carrier of a Suppressed 
carrier modulated Signal having a frequency comprising the 
Steps of: 

demodulating the modulated Signal into a baseband Signal 
having in-phase and quadrature-phase components, 
where the in-phase and quadrature-phase components 
have a frequency less than that of the modulated Signal; 

generating a plurality of output signals in accordance with 
the baseband Signal; 

generating an output error Signal in accordance with at 
least one of the plurality of output signals, the output 
error Signal defining a phase error between a desired 
carrier Signal and a received carrier Signal; 

varying the output of a phase lock loop in accordance with 
the error Signal; and 

controlling the demodulating of the modulated Signal in 
accordance with the output of the phase lock loop in 
order to lock onto the carrier Signal; 

1O 
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and wherein the Step of generating a plurality of output 

Signals further comprises generating one set of Signals 
for enabling a Costas demodulating application and 
generating another Set of Signals for providing a 
remodulation demodulating application. 

12. The method of claim 11 wherein the step of demodu 
lating the modulated Signal further comprises the Step of 
filtering the in-phase and quadrature-phase components to 
eliminate frequencies above a predetermined threshold. 

13. The method of claim 11 wherein the in-phase com 
ponent is defined as X and the quadrature phase component 
is defined as y and the Step of generating a plurality of output 
Signals further comprises the Steps: 

generating a lock detect Signal that varies in accordance 
with a lock signal defined as 4xy; and 

generating a phase error signal defined as Xy(x -y). 
14. The method of claim 13 further comprising utilizing 

the lock detect and phase error Signals to vary the output of 
the phase lock loop. 

15. The method of claim 13 further comprising utilizing 
the lock detect Signal, the in-phase component and the 
quadrature-phase component to vary the output of the phase 
lock loop. 


